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CLAIMS 



[Claim(s)] 

[Claim 1] The development approach which a resist is applied and supplies a developer to the substrate exposed 
by the predetermined pattem, is the development approach which carries out the development of the substrate, 
and is characterized by supplying an acid liquid to a substrate in the phase after the resist was applied, and 
before supplying a developer to a substrate. 

[Claim 2] The development approach according to claim 1 which is before supplying said developer, and is 
characterized by washing a substrate after said acid Uquid is supplied. 

[Claim 3] The development approach which a resist is applied and a developer is supplied to the substrate 
exposed by the predetermined pattem, is the development approach which carries out the development of the 
substrate, and is characterized by supplying an acid liquid to a substrate after supplying a developer to a 
substrate. 

[Claim 4] The development approach according to claim 3 characterized by supplying a developer to the 
substrate concerned again after said acid Uquid is supplied to a substrate. 

[Claim 5] The development approach which a resist is applied and a developer is supplied to the substrate 
exposed by the predetermined pattem, is the development approach which carries out the development of the 
substrate, and is characterized by supplying an acid liquid to a substrate in case a penetrant remover washes the 
developer concerned after supplying and carrying out the development of the developer to a substrate. 
[Claim 6] The development approach according to claim 5 characterized by carrying out by supplying the 
mixed liquor which mixed the acid liquid to said penetrant remover to a substrate in supplying an acid liquid. 
[Claim 7] The development approach which a resist is applied and a developer is supplied to the substrate 
exposed by the predetermined pattem, is the development approach which carries out the development of the 
substrate, supplies an acid liquid to a substrate after supplying and carrying out the development of the 
developer to a substrate and a penetrant remover washes the developer concerned, and is characterized by 
supplying and washing a penetrant remover to the substrate concemed again after that. 
[Claim 8] The development approach according to claim 1 to 7 characterized by heating the temperature of a 
substrate beyond a room temperature in case said acid liquid is supplied to a substrate. 
[Claim 9] The temperature of said acid liquid is the development approach according to claim 1 to 8 
characterized by being the temperature beyond a room temperature. 

[Claim 10] The development approach according to claim 1 to 9 which replaces with said acid liquid and is 
characterized by using the liquid which is neutrality and contains a hydroxyl group or hydrogen. 
[Claim 1 1] The development approach which a resist is applied and supplies a developer to the substrate 
exposed by the predetermined pattem, is the development approach which carries out the development of the 
substrate, and is characterized by supplying an acid gas to a substrate in the phase after the resist was applied, 
and before supplying a developer to a substrate. 

[Claim 12] The development approach which a resist is applied and a developer is supplied to the substrate 
exposed by the predetermined pattem, is the development approach which carries out the development of the 
substrate, and is characterized by supplying an acid gas to a substrate after supplying a developer to a substrate. 
[Claim 13] The development approach which a resist is applied and a developer is supplied to the substrate 
exposed by the predetermined pattem, is the development approach which carries out the development of the 
substrate, supplies an acid gas to a substrate after supplying and carrying out the development of the developer 
to a substrate and a penetrant remover washes the developer concemed, and is characterized by supplying and 
washing a penetrant remover to the substrate concemed again after that. 
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[Claim 14] Said acid gas is the development approach accordmg to claim 1 1 to 13 characterized by being a gas 
including the acid steam or acid Myst of a liquid. 

[Claim 15] The development approach according to claim 1 1 to 14 characterized by heating the temperature of 
a substrate beyond a room temperature in case said acid gas is supplied to a substrate. 
[Claim 16] Said resist is the development approach according to claim 1 to 15 characterized by having the 
protective group of the acid desorption nature which is a positive resist and has an insolubilization function to 
said developer. 

[Claim 17] Processing equipment which a resist is applied and supplies a developer to the exposed substrate, is 
processing equipment for carrying out the development of the substrate, and is characterized by having an acid 
liquid feed zone for supplying an acid liquid to a substrate. 

[Claim 18] Processing equipment which a resist is appUed and supplies a developer to the exposed substrate, is 
processing equipment for carrying out the development of the substrate, and is characterized by having an acid- 
gases feed zone for supplying an acid gas to a substrate. 

[Claim 19] Processing equipment according to claim 17 or 18 characterized by having the substrate heating 
apparatus which heats a substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the development approach of a substrate, and processing 

equipment. 

[0002] 

[Description of the Prior Art] At the photohthography process in the manufacture process of a semiconductor 
device, the light of a predetermined pattern is irradiated at the resist spreading processing and the wafer which 
apply the resist of a positive type or a negative mold to a wafer front face, for example, a developer is supplied 
to the wafer after the exposure processing which exposes a wafer, and exposure, and the development which 
develops the wafer concemed is performed. 

[0003] The photo-oxide generating agent (PAG:Photoacid generator) which generates an acid by the exposure 
of light is contained in the resist used by above-mentioned resist spreading processing. And the protective group 
of the acid desorption nature which has an insolubilization fiinction to a developer is desorbed from a positive 
resist with the acid generated by exposure, and the exposure section becomes meltable to a developer, for 
example. Moreover, with the acid which generated negative resist by exposure, the crosslinking reaction of 
meltable resin is induced to a developer, and the exposure section becomes insoluble to a developer. And in the 
case of a positive type, of supply of the developer in an above-mentioned development, the exposure section 
dissolves in a developer, in the case of a negative mold, the exposure section is maintained, an unexposed part 
dissolves in a developer, and a predetermined resist pattern is formed on a wafer. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in fact, if the boundary section of the exposure section 
and an unexposed part is said chemically, its so-called condition of a "fogging" is not enough as light exposure. 
The boundary section is inferior in the solubility to a developer. Moreover, even if a resist is an unexposed part 
in the case of a positive type, the surface part melts into a developer a Uttle (film decrease). The so-called thing 
of this unexposed part which carried out film decrease is extremely inferior in the solubility to a developer, and 
tends to deposit in a developer. Thus, when the part in which the solubility to a developer is inferior exists, the 
resist polymer halfway desorbed, for example from the protective group floats in a developer, after that, by 
condensation of the resist polymer concemed etc., it may grow up to be a resist particle and the resist particle 
concemed may carry out the reattachment to a wafer. The reattachment of this resist particle causes a 
development defect, and bars a proper development. Moreover, it is necessary to fiilly take the washing time 
amount which removes the resist particle which adhered in this case, as a result, total development time amount 
delays, and the fall of a throughput is caused if it lengthens. 

[0005] This invention is made in view of this point, fully secures the solubihty over the developer of the resist 
of a predetermined part, and sets it as the purpose to offer the development approach and processing equipment 
which perform a proper development. 

[0006] 

[Means for Solving the Problem] According to invention of claim 1, a resist is applied, a developer is supplied 
to the substrate exposed by the predetermined pattern, and the development approach which is the development 
approach which carries out the development of the substrate, and is characterized by supplying an acid Uquid to 
a substrate in the phase after the resist was applied, and before supplying a developer to a substrate is offered. 
[0007] Thus, before supplying a developer on a substrate, the solubility over the developer of a resist is 
changeable by supplying an acid liquid with an operation of the acid concemed. That is, the solubility of the 



- resist on the boundary of the exposure section and an unexposed part can be raised. Moreover, the solubility of 
the so-called resist of the surface section of an unexposed part which carries out antinode decrease can be 
raised, for example. Therefore, since insoluble ghosts, such as a resist particle, do not float in the developer 
suppUed after that and the insoluble ghost concerned does not carry out the reattachment to a substrate, the 
development defect by adhesion of the insoluble ghost concerned can be reduced. Consequently, a proper 
development can be performed. In addition, an acid liquid can propose the liquid which any of an organic acid 
and an inorganic acid are sufficient as, for example, diluted these in hydrogen fluoride, the hydrochloric acid, 
the nitric acid, and the list. In addition, after a resist is formed, the phase after the resist was applied, and before 
supplying a developer to a substrate may be after exposure before exposure that what is necessary is just to be, 
before supplying a developer. 

[0008] It is the phase after the resist was apphed, and before supplying a developer to a substrate, and after said 
acid liquid is supplied, it may be made to wash a substrate (the so-called rinse). In this case, since the liquid of 
the acid supplied on the substrate is eliminated ft-om a substrate and a developer is suppUed after that, it is 
avoidable that an acid affects the property of a developer, for example. Moreover, reacting with the acid with 
which the developer remained and generating an impurity can also be prevented. 

[0009] According to invention of claim 3, a resist is applied, a developer is supplied to the substrate exposed by 
the predetermined pattern, and the development approach which is the development approach which carries out 
the development of the substrate, and is characterized by supplying an acid liquid to a substrate after supplying 
a developer to a substrate is offered. Since the solubiUty of developers, such as the surface section of an 
unexposed part in which the so-called antinode decrease occurs, and the boundary section of the exposure 
section and an unexposed part, can be raised even if it is this case, the insoluble high resist polymer distributed 
from said surface section and the boundary section can be dissolved in a developer. Therefore, it can prevent 
that the resist particle which grew from the resist polymer carries out the reattachment to a substrate, and the 
development defect by the adhesion concemed can be reduced. In addition, after said acid liquid is supplied to a 
substrate, you may make it said development supply a developer to the substrate concemed again. 
[0010] After supplying and carrying out the development of the developer to a substrate, supply of an acid 
liquid may be the time of a penetrant remover washing the developer concemed, and may be performed by 
supplying to a substrate the mixed liquor which mixed the acid liquid to said penetrant remover in this case. 
Moreover, after supplying and carrying out the development of the developer to a substrate, and a penetrant 
remover washes the developer concemed, you may be. 

[001 1] In case an acid hquid is supplied to a substrate, beyond a room temperature [ 40 degrees C - 200 degrees 
C of temperature of a substrate ], for example, heat at 40 degrees C - 160 degrees C preferably, is desirable. It is 
because the solubility of a resist can be raised and generating of insoluble ghosts, such as a particle, can be 
suppressed more. Similarly, also as for the temperature of an acid liquid, it is desirable to use beyond a room 
temperature, for example, the thing preferably made into 40 degrees C - 80 degrees C 25 degrees C - 100 
degrees C. 

[0012] It replaces with an acid liquid, and even if it is neutrality, the liquid containing a hydroxyl group or 
hydrogen, for example, the thing which carried out bubbling of the ozone water and threw in the acid, may be 
used. It is because the solubility of a resist can be raised and generating of insoluble ghosts, such as a particle, 
can be suppressed more by this. 

[0013] It may replace with a further acid liquid and an acid gas may be used. Like chlorine gas, this acid gas 
may be gas of itself acidity, and may include the acid above mentioned steam and acid above mentioned Myst 
of a liquid. Also when supplying an acid gas further again, beyond a room temperature [ 40 degrees C - 200 
degrees C of temperature of a substrate ], for example, heat at 40 degrees C - 160 degrees C preferably, is 
desirable. 

[0014] said resist may be equipped with the protective group of the acid desorption nature which is a positive 
resist and has an insolubilization function to said developer, and, in this case, the desorption of said protective 
group promotes it by supply of an acid ~ having ~ for example, the account of a top — the solubility of the 
resist polymer distributed in the developer by the so-called antinode decrease improves. Consequently, since the 
resist particle floated and condensed, without the resist polymer in which solubility is inferior melting in a 
developer does not carry out the reattachment to a substrate, the development defect resvdting from the adhesion 
concemed is reduced. Moreover, since the washing time amount for removing insoluble ghosts, such as an 
adhering resist particle, is omissible, development time amount is shortened. 



[0015] The resist was applied and the processing equipment of this invention supplied the developer to the 
exposed substrate, is processing equipment for carrying out the development of the substrate, and may be 
equipped with the acid liquid feed zone for supplying an acid hquid to a substrate. According to this processing 
equipment, the front stirrup which suppHes a developer to a substrate can supply an acid liquid behind. Even if 
it is a case with a soluble inadequate change of the resist which made the catalyst the acid which follows, for 
example, is generated by exposure, the front stirrup which supplies a developer can change the solubility over 
the developer of a resist into behind appropriately, and can perform a proper development behind. 
[0016] Moreover, it is good also as equipment which replaced with the acid liquid feed zone and had an acid- 
gases feed zone. In these processing equipment, you may have the substrate heating apparatus which heats a 
substrate fiirther again. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is explained. 
Drawing 1 is the top view showing the outline of the configuration of the spreading development system 1 
equipped with the processing equipment with which the development approach concerning the gestalt of this 
operation is enforced, drawing 2 is the front view of the spreading development system 1, and drawing 3 is the 
rear view of the spreading development system 1. 

[0018] The spreading development system 1 receives the spreading development system 1 from the exterior per 
cassette in 25 wafers W, as shown in drawin g 1 . with the cassette station 2 which carries out carrying-in 
appearance or carries out carrying-in appearance of the wafer W to Cassette C The processing station 3 which 
comes to carry out multistage arrangement of the various processors which perform predetermined processing 
to single wafer processing in a spreading development process, It has the configuration which connected to one 
the interface section 4 which delivers Wafer W between the aUgners which are adjoined and formed in this 
processing station 3, and which are not illustrated. 

[0019] At the cassette station 2, two or more cassettes C can be freely laid [ the position on the cassette 
installation base 5 ] in the direction of X (the vertical direction in drawing 1 ) at a single tier. Cassette C can put 
in order and hold two or more wafers W in multistage. And the transportable wafer conveyance object 7 is 
established free [ migration ] along the conveyance way 8 to this cassette array direction (the direction of X), 
and the wafer array direction (Z direction; the direction of a vertical) of the wafer W held in Cassette C, and it 
can access now alternatively to each cassette C. 

[0020] The wafer conveyance object 7 is equipped with the aUgnment function which performs alignment of 
Wafer W. This wafer conveyance object 7 is constituted so that it can access also to the extension equipment 32 
which belongs to 3rd processor group G3 by the side of the processing station 3 so that it may mention later. 
[0021] The main transport device 13 is formed in that core, various processors are arranged around this main 
transport device 13 muhistage, and the processor group consists of processing stations 3. In this spreading 
development system 1 **, four processor groups Gl and G2, G3, and G4 are arranged, and the 1st and 2nd 
processor groups Gl and G2 are arranged at the transverse-plane side of the spreading development system 1 . 
3rd processor group G3 The cassette station 2 is adjoined and it is arranged, and the 4th processor group G4 
adjoins the interface section 4, and is arranged. The 5th processor group G5 furthermore shown with the broken 
line as an option can be separately arranged to a tooth-back side. Carrying-in appearance is possible for said 
main transport device 13 in Wafer W to these processor groups Gl and G2, G3, and the various processors that 
are arranged G4 and G5 and that are mentioned later. In addition, the number of processor groups and 
arrangement change with classes of processing performed to Wafer W, and with [ the number of processor 
groups ] one [ or more ], it is selectable to arbitration. 

[0022] By the 1st processor group Gl, as shown, for example in drawing 2 , the positive resist of a chemistry 
magnification mold is applied to Wafer W, and the resist coater 17 which forms the resist film on Wafer W, and 
the processing equipment 18 with which the development approach concerning the gestalt of this operation is 
enforced are arranged sequentially from the bottom in two steps. In addition, with the gestalt of this operation, 
the positive resist of a photo-oxide generating agent, principal chains, such as resin, and the chemistry 
magnification mold that consists of the protective group of the acid desorption nature equipped with the 
insolubilization fimction to the developer is used, for example. The resist coater 19 and processing equipment 
20 are arranged sequentially from the bottom also like the 2nd processor group G2 in two steps. 
[0023] In 3rd processor group G3, the Puri ovens 33 and 34 for evaporating the extension equipment 32 for 
performing delivery of the adhesion device 31 for raising fixable [ of the cooling equipment 30 and resist liquid 
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which carry out cooling processing of the wafer W as shown, for example in drawing 3 , and Wafer W ], and 
Wafer W, and the solvent in resist liquid, and the post baking equipment 35 which performs heat-treatment after 
a development are accumulated on six steps sequentially from the bottom. 

[0024] By the 4th processor group G4, cooling equipment 40, the extension cooling equipment 41 which makes 
the laid wafer W cool naturally, extension equipment 42, coohng equipment 43, the postexposure ovens 44 and 
45 that perform heat-treatment after exposure, and post baking equipment 46 are accumulated on seven steps 
sequentially from the bottom, for example. 

[0025] As shown in drawing 1 , the wafer conveyance object 50 is formed in the center section of the interface 
section 4. This wafer conveyance object 50 is constituted so that migration of the direction of X (the vertical 
direction in drawing 1 ) and a Z direction (perpendicular direction) and rotation of the direction (hand of cut 
centering on the Z-axis) of theta may be performed free, it is accessed to the extension cooling equipment 41 
belonging to the 4th processor group G4, extension equipment 42, the circumference ahgner 51, and the aligner 
that is not illustrated, and it is constituted so that Wafer W may be conveyed to each. In addition, an aligner 
irradiates the light of a predetermined pattern at the wafer W with which the resist fihn was formed, and carries 
out exposure processing of the wafer W. 

[0026] Next, the configuration of the processing equipment 18 mentioned above is explained in detail. As 
shown in drawing 4 and 5, in casing 18a of processing equipment 18, the spin chuck 60 which carries out 
adsorption maintenance of the wafer W horizontally is formed. For example, under the spin chuck 60, the drive 
61 which makes this spin chuck 60 drive is formed. The drive 61 has the rise-and-fall mechanical component 
(not shown) equipped with the rotation mechanical component (not shown) equipped with the motor etc. which 
rotates a spin chuck 60 with a predetermined rotational speed, a motor or a cyUnder etc. which moves a spin 
chuck 60 up and down. 

[0027] Outside the spin chuck 60, as a spin chuck 60 is surrounded in a way, the annular cup 62 the top face 
carried out [ the cup ] opening is formed in it. This cup 62 catches the developer which dispersed from the wafer 
W which was held at said spin chuck 60 and rotated, and prevents contamination of a surrounding device. The 
drain pipe 63 which carries out the effluent of the developer which dispersed from said wafer W etc., and the 
exhaust pipe 64 which exhausts the ambient atmosphere in a cup 62 are connected to the pars basilaris ossis 
occipitalis of a cup 62. 

[0028] Outside this cup 62, the approximately cylindrical out cup 65 the top face carried out [ the cup ] opening 
is formed, as a cup 62 is surrounded, from a cup 62, in a way, the developer from the wafer W which it was not 
able to finish catching etc. is caught, and scattering of a developer etc. can be prevented to it. 
[0029] As shown in drawin g 5 , outside the out cup 65, the outside by the side of a way, for example, the 
direction [ of M ] negative direction, (left-hand side of drawing 5 ), the standby section T is installed in a way 
and the developer supply nozzle 70 which supplies a developer to Wafer W can be stood by to it at the standby 
section T concerned. With the gestalt of this operation, alkaline water solutions, such as TMAH (N(CH3)40H), 
are used as a developer. 

[0030] The developer supply nozzle 70 has the configuration of ** length, as shown in drawing 6 , and the die- 
length L is larger than the diameter of Wafer W at least. The piping 71 which is open for free passage to the 
developer source of supply which is not illustrated is connected to the upper part of the developer supply nozzle 
70. Two or more developer feed hoppers 72 are formed in the lower part of the developer supply nozzle 70 at 
the single tier at said longitudinal direction. Moreover, as shown in drawing 7 , the long reservoir 73 is formed 
in the interior of the developer supply nozzle 70 at the longitudinal direction which was open for free passage 
for said each developer feed hopper 72 and piping 71, the developer which flowed in the developer supply 
nozzle 70 from piping 71 is once stored, and the regurgitation of the developer concerned can be carried out to 
coincidence by this flow rate and this pressure from each developer feed hopper 72. 

[0031] The developer supply nozzle 70 is held at the arm 75, as shown in drawing 5 , and this arm 75 can move 
freely in the rail 76 top laid in the direction (longitudinal direction of dravsdng 5 ) of M according to the 
migration device which is not illustrated. Outside the direction square opposite side of M of the standby section 
T to the out cup 65, the rail 76 is prolonged to the way and the developer supply nozzle 70 can move it at least 
from the standby section T to the edge of the direction square opposite side of M of a cup 62. The developer 
supply nozzle 70 is held at the arm 75 so that a longitudinal direction may become in the direction of a right 
angle of the direction of M, and when the developer supply nozzle 70 moves a developer from each developer 
feed hopper 72 of the developer supply nozzle 70 from the end of Wafer W to the other end with discharge, it 
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can supply a developer all over a wafer W front face. In addition, in order to wash the developer supply nozzle 
70, the cleaning tank 77 which can store a predetermined solvent is established in the standby section T. 
[0032] Moreover, outside the direction square opposite side (right-hand side of drawing 5 ) of M of the out cup 
65, the standby section K is installed in a way and the acid liquid supply nozzle 80 as an acid liquid feed zone 
which supplies an acid liquid, for example, hydrogen fluoride, to Wafer W is standing by to it at this standby 
section K. The acid liquid supply nozzle 80 is formed in tubed, tums caudad the hydrogen fluoride from the 
source of supply of the hydrogen fluoride which is not illustrated, and has come to be able to carry out the 
regurgitation. 

[0033] It is held at the nozzle arm 81 and the acid hquid supply nozzle 80 is formed [ for example, the rail 82 
top of the shape of a straight line prolonged in the direction of M ] for this nozzle arm 81, enabling free 
migration. A rail 82 is the opposite side through the cup 62 of the rail 76 of the developer supply nozzle 70, and 
is laid from the standby section K to near the edge by the side of the direction [ of M ] negative direction of a 
cup 62. Moreover, the nozzle arm 81 holds the acid liquid supply nozzle 80 so that the acid liquid supply nozzle 
80 may pass along the core upper part of a cup 62. Therefore, the acid liquid supply nozzle 80 is movable from 
the standby section K to the core upper part of the wafer W on a spin chuck 60. In addition, the rail 82 may be 
formed in the same side as a rail 76 to the cup 62. In the standby section K, the depot 83 with which the 
predetermined solvent was stored can be formed, the point of the acid liquid supply nozzle 80 can be immersed 
in a solvent at the time of standby, and the acid liquid supply nozzle 80 can be washed. Thereby, it can prevent 
that the acid liquid supply nozzle 80 is corroded with hydrogen fluoride. 

[0034] The standby section U of the penetrant remover supply nozzle 90 which supplies a penetrant remover to 
Wafer W is installed in the way outside the direction square opposite side (right-hand side of drawing 5 ) of M 
of the standby section K. The penetrant remover supply nozzle 90 is held at the rinse arm 91, and this rinse arm 
91 is movable in for example, the same rail 76 top as said arm 75. The penetrant remover supply nozzle 90 
moves in the direction of M, and it is held at the rinse arm 91 so that it can be located in the core upper part of 
Wafer W. In addition, in order to wash the penetrant remover supply nozzle 90, the cleaning tank 92 with which 
a predetermined solvent is stored is established in the standby section U. 

[0035] the conveyance opening 100 for carrying out carrying-in appearance is formed in processing equipment 
18 in Wafer W, and this conveyance opening 100 can be freely opened [ in addition, ] in the side face of casing 
1 8a and closed with a shutter 101. 

[0036] Next, the development approach enforced with the processing equipment 18 constituted as mentioned 
above is explained with the process of the photoUthography process performed by the spreading development 
system 1 . 

[0037] First, the wafer W picked out from Cassette C with the wafer conveyance object 7 is conveyed by the 
extension equipment 32 belonging to 3rd processor group G3, and, subsequently to an adhesion device 31, is 
conveyed by the main transport device 13. The adhesion of a resist is raised in this adhesion device 31, for 

example, the wafer W with which HMDS was applied is conveyed by the resist coater 17, after it is 

continuously conveyed by cooling equipment 30 and being cooled by predetermined temperature. In the resist 
spreading processing 17, the liquefied positive resist which consists of the polyvinyl phenol resin (thing before 
the reaction of drawing 8 ) which has the protective group R as shown, for example in drawing 8 , a photo-oxide 
generating agent, an acid diffusion retardant, etc. is applied on Wafer W, and the resist film is formed on Wafer 
W. In addition, a protective group R is equipped with the insolubilization fiinction to a developer as mentioned 
above, and what has acid desorption nature, for example, t-buthoxycarbonyloxy radical, an iso proxy carbonyl 
group, a tetrahydropyranyl group, a trimethylsilyl radical, or a t-butoxy carbonylmethyl radical is chosen as it. 
[0038] After that, sequential conveyance of the wafer W is carried out by the main transport device 13 at the 
Puri oven 33 and extension cooling equipment 41, further, with the wafer conveyance object 50, it is conveyed 
by the circumference aligner 51 and processing predetermined with each equipment is performed. 
Subsequently, Wafer W is conveyed by the aligner (not shown) and the light of a predetermined pattern is 
irradiated on Wafer W. The acid from a photo-oxide generating agent is generated in the resist film of the 
exposure section by the exposure of this light, the protective group R of the resist of the exposure section is 
desorbed from a principal chain with the acid concemed, and that part is permuted by the hydroxyl group. The 
resist equipped with this hydroxyl group becomes meltable to an alkaline developer. 
[0039] The wafer W which this exposure processing ended is conveyed by extension equipment 42 with the 
wafer conveyance object 50, and after that, Wafer W is conveyed by processing equipment 18 after 
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- predetermined processing is performed with the postexposure oven 44 and cooling equipment 43, and a 
development is performed. 

[0040] Sequential conveyance is carried out, predetermined processing is performed to post baking equipment 
46 and cooling equipment 30 in each equipment, the wafer W which the development ended in processing 
equipment 18 is returned to Cassette C through extension equipment 32 after that, and a series of 
photolithography processes end it. 

[0041] Next, the development performed with the processing equipment 18 mentioned above is explained in 
detail. Drawing 9 shows the flow chart of this development. 

[0042] First, Wafer W is carried in by the main transport device 13 in casing 18a from the conveyance opening 
100, and adsorption maintenance is carried out on a spin chuck 60 (step SI). If adsorption maintenance of the 
wafer W is carried out, the acid liquid supply nozzle 80 will move to the core upper part of Wafer W from the 
standby section K. At this time. Wafer W begins to rotate with a predetermined rotational speed. And the 
hydrogen fluoride of the specified quantity is breathed out by the rotated wafer W core concerned from the acid 
liquid supply nozzle 80, and hydrogen fluoride is supplied to it all over wafer W (step S2). At step S2, as shown 
in drawin g 8 , the protective group R to which the acid of hydrogen fluoride is connected with the principal 
chain of a resist is desorbed, and the part is permuted by the hydroxyl group. Thereby, the protective group R of 
the antinode decrease part which deposits in a developer by supply of the surface of an unexposed part, i.e., a 
next developer, breaks away. Moreover, it secedes from the protective group R in the boundary section of the 
exposure section and the unexposed part which were exposed halfway. Consequently, the solubility over the 
developer of the resist of the xmexposed part surface and the boundary section concemed improves. In addition, 
at the time of exposure processing, what was not able to perform the elimination reaction of a protective group 
R may remain in the exposure section, and the elimination reaction of the protective group R of the exposure 
section concemed is also performed in it by supply of this hydrogen fluoride. 

[0043] After hydrogen fluoride is supplied to Wafer W, rotation of Wafer W is suspended after predetermined 
time progress, and the acid liquid supply nozzle 80 is retumed to the standby section K. Subsequently, the 
developer supply nozzle 70 is the inside of a cup 62, moves to the start location S near the edge by the side of 
the direction [ of M ] negative direction of Wafer W, and moves a developer from the start location S concemed 
with discharge to the end location E near the edge of the direction square opposite side of M of Wafer W (step 

53) . Thereby, the liquid peak of the developer of the specified quantity is carried out on Wafer W, and the 
quiescence development of predetermined time is started. In this quiescence development, the resist of the 
exposure section is dissolved in a developer. Moreover, the surface section of an unexposed part from which the 
protective group R was desorbed by supply of said acid, and the boundary section of the exposure section and 
an unexposed part are also dissolved in a developer. On the other hand, since parts other than the surface of an 
unexposed part have a protective group R, they do not melt into a developer. In this way, a predetermined resist 
pattem is formed on Wafer W. 

[0044] After the quiescence development of predetermined time is completed, while the penetrant remover 
supply nozzle 90 moves to the core upper part of Wafer W, Wafer W rotates, and a penetrant remover, for 
example, pure water, is supplied to the wafer W concemed from the penetrant remover supply nozzle 90 (step 

54) . The developer on Wafer W is permuted by pure water, and a used developer is eliminated from Wafer W. 
The regurgitation of pure water is stopped after that, high-speed rotation of the wafer W is carried out, and 
Wafer W is shaken off and dried (step S5). After this desiccation processing is completed, from a spin chuck 60, 
Wafer W receives in the main transport device 13, it is passed, Wafer W is taken out out of processing 
equipment 18 (step S6), and a series of developments are completed. 

[0045] Since according to the gestalt of this operation the hydrogen fluoride which is an acid liquid was 
supplied before the developer was supplied on Wafer W, the protective group R connected with the principal 
chain of the resist of an unexposed part surface at the time of initiation of a development can be desorbed, the 
part concemed can be permuted by the hydroxyl group, and the solubility over the developer of an unexposed 
part surface can be raised. Moreover, in the boundary section of the exposure section which is not enough as for 
light exposure, and an unexposed part, since the elimination reaction of a protective group R can be promoted, 
the solubility over the developer of the boundary section concemed can be raised. Therefore, since an insoluble 
resist polymer distributes and floats in a developer neither from an unexposed part surface nor said boundary 
section like before, it can prevent that the resist particle which carried out particle-size growth by condensation 
of the resist polymer concemed carries out the reattachment to Wafer W. So, the development defect resulting 
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from the reattachment to the substrate of insoluble ghosts, such as a resist particle, is reduced. Moreover, since 
it is not necessary to establish the washing time amount which removes the adhering insoluble ghost, total 

development time amount can be shortened. 

[0046] After washing the wafer W with which hydrogen fluoride was supplied, you may make it supply a 
developer, although the developer was supplied with the gestalt of the above operation immediately after 
supplying hydrogen fluoride to Wafer W. 

[0047] For example, as shown in drawing 10 , after step S2 to which hydrogen fluoride is supplied is 
completed, the penetrant remover supply nozzle 90 moves to the wafer W core upper part, and a penetrant 
remover, for example, pure water, is supplied to the wafer W which rotated (step S2'). Wafer W top is permuted 
by pure water, and hydrogen fluoride is removed from on Wafer W. In this case, it can have a bad influence on 
the physical properties of the developer which the Uquid of an acid remains and is supplied after that on Wafer 
W, or can avoid reacting with a developer and generating an impurity. 

[0048] Moreover, with the gestalt of the above operation, before supplying a developer to Wafer W, the 
hydrogen fluoride which is an acid liquid was supplied, but an acid liquid may be supplied after supplying a 
developer. A development is performed in order of this case, for example, supply of a developer, supply of an 
acid Uquid, and supply of pure water. Thus, when an acid liquid is supplied after supply of a developer, since 
the insoluble resist polymer distributed in the developer from the boundary of the exposure section and an 
unexposed part or the surface of an unexposed part is changed into fiisibility, it can prevent the resist polymer 
concemed condensing, carrying out particle-size growth, and adhering to Wafer W after that. In addition, a 
developer is supplied fiirther and it may be made to supply pure water after supply of the acid liquid after 
developer supply after that. 

[0049] After supplying a penetrant remover, an acid liquid is supplied fiirther again, a penetrant remover is 
suppUed fiirther after that, and you may make it wash. Moreover, in case a rinse is carried out by the penetrant 
remover, you may make it supply an acid Uquid to coincidence. Supplying an acid liquid from the acid liquid 
supply nozzle 80 in this case, a penetrant remover may be supplied from the penetrant remover supply nozzle 
90, and piping of the acid liquid connected to the acid liquid supply nozzle 80 and piping of a penetrant remover 
are connected, and you may make it supply the liquid which mixed the acid liquid and the penetrant remover 
beforehand to Wafer W. 

[0050] Moreover, although the acid liquid supply nozzle 80 in the gestalt of this operation supplied hydrogen 
fluoride to the core of Wafer W, it has the same configuration as the developer supply nozzle 70, may scan 
Wafer W top, and may supply an acid liquid to the whole wafer W surface. In this case, like the above- 
mentioned developer supply nozzle 70, hydrogen fluoride is moved from two or more feed hoppers from the 
end section of Wafer W to the other end with discharge, and hydrogen fluoride is suppUed all over wafer W. In 
this example, since there is no need of supplying hydrogen fluoride rotating Wafer W, there is little hydrogen 
fluoride which becomes useless and it can reduce the consumption of hydrogen fluoride. 
[0051] With the gestaU of said operation, although he was trying to supply an acid Uquid to the core of Wafer 
W using the acid Uquid supply nozzle 80, as shown in drawing 1 1 , the acid-gases supply nozzle 93 which 
supplies an acid gas may be used to Wafer W. The acid-gases supply nozzle 93 is connected to the acid-gases 
sources of supply 94, such as a chemical cylinder, in the example of draAving 1 1 , and it is possible to supply 
from the acid-gases supply nozzle 93 to Wafer W, acid gas, for example, chlorine gas. Thus, even if it suppUes 
acid gases instead of supplying an acid liquid to Wafer W, it is possible for the same effectiveness as supply of 
an acid liquid to be acquired, and to suppress generating of an insoluble ghost. 

[0052] In addition, at the time of supply of said acid liquid, and supply of acid gases, if 40 degrees C - 200 
degrees C of temperature of the wafer W which is a substrate are preferably heated even at 40 degrees C - 160 
degrees C and it is made into the elevated temperature, for example, solubility can be raised more and it is 
possible to suppress generating of an insoluble ghost, the acid Uquid itself suppUed when supplying an acid 
liquid ~ an elevated temperature — for example, the same effectiveness is acquired, even if it heats to 40 
degrees C - 80 degrees C preferably and supplies this to Wafer W 25 degrees C - 100 degrees C. 
[0053] What is necessary is to form the heating apparatus 95, such as a heater, in a spin chuck 60, or just to 
form the heating apparatus 96, such as a lamp, in the head-Uning section in casing 18a, in order to heat 
substrates, such as Wafer W, for example, as shown in drawing 1 1 . In addition, when forming heating 
apparatus 95 in a spin chuck 60, as for a spin chuck 60, it is desirable to carry out more than the same 
magnitude as Wafer W and it. 
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[0054] Although he was trying to supply the gas which the acid-gases supply nozzle 93 is connected to the 
direct acid-gases source of supply 94, and has acidity in itself [, such as chlorine gas, ] in the example of 
drawing 1 1 As shown in drawin g 12 , in a tank 97, store an acid liquid and the gas from the sources 98 of gas 
supply, such as inactive carrier gas, for example, nitrogen gas, argon gas, etc., is supplied into this. Bubbling of 
the acid liquid in a tank 97 is carried out, and you may make it send Myst and the steam of the acid liquid then 
generated to the acid-gases supply nozzle 93 with this carrier gas. According to this configuration, the gas 
containing Myst and the steam of an acid liquid can be supplied to Wafer W. 

[0055] With the gestalt of the above operation, although the resist applied on Wafer W was a positive resist, this 
invention is applicable, even if a resist consists of negatives resist, for example, a base resin + photo-oxide 
generating agent + acid reactivity cross linking agent. This negative resist is insolubilized to a developer by the 
crossUnking reaction induced with an acid. And in this negative resist, the crosslinking reaction which was 
inadequate at the time of exposure processing is induced by supply of the acid at the time of a development, and 
the solubility over the developer of the exposure section is fully lowered. Since the resist of the exposure 
section certainly remains and only the resist of an unexposed part dissolves in a developer by this, a desired 
resist pattern is formed. 

[0056] Although the gestalt of the above operation applied this invention to the development approach of Wafer 
W, it can apply this invention also to the development approaches, such as substrates other than a semi- 
conductor wafer, for example, a LCD substrate, and a mask reticle substrate for photo masks. 
[0057] 

[Effect of the Invention] According to this invention, since the solubiUty over the developer of the resist of a 
predetermined part is securable, the resist of a request part melts into a developer appropriately, and can form a 
desired resist pattern. Therefore, improvement in the yield is achieved. Moreover, since an insoluble ghost does 
not float in a developer and the reattachment to the substrate of an insoluble ghost can be prevented, the 
washing time amount for removing the adhering insoluble ghost can be shortened, and improvement in a 
throughput is also achieved. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the top view showing the appearance of the spreading development system which has 
processing equipment with which the development approach concerning the gestalt of this operation is 
enforced. 

P rawin g 2] It is the front view of the spreading development system of drawin g 1 . 
[Drawing 3] It is the rear view of the spreading development system of drawing 1 . 
[Drawing 4] It is the explanatory view of the longitudinal section of processing equipment. 
[Drawing 5] It is the explanatory view of the cross section of processing equipment. 
[Drawing 6] It is the perspective view of a developer supply nozzle. 

[Drawing 7] It is drawing of longitudinal section of the developer supply nozzle of drawing 6 . 

[Drawing 8] It is the explanatory view showing the elimination reaction of the protective group about the resist 

which added hydrogen fluoride. 

[Drawing 9] It is the flow Fig. of a development. 

[Drawing 10 ] It is the flow Fig. showing other examples of a development. 

[Drawing 11] It is the explanatory view of the cross section of the processing equipment concerning the gestalt 
of other operations. 

[Drawing 12] It is the explanatory view showing the example of an acid-gases feeder. 

[Description of Notations] 

1 Spreading Development System 

18 Processing Equipment 

70 Developer Supply Nozzle 

80 Acid Liquid Supply Nozzle 

S Start location 

E And a location 

W Wafer 
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CjttTV^io l'-;i'8 2f±, 'P!lx.lf^«?Sttl&y'X;U7 
0<DU-)V7 6<Oi} y-fe 2 iift-LfzKMmX'i)oX , 

TSt^$*trv^-6o tfz, >'X;UT-A8 Hi, 

^f&yx^v-s 0 6 2 <o^^''l:>a5±:^*a'& i T 

gEttjStt«&>'X;l'8 0 «-«ft^frv^-&o L/cA^oT, ^ 
-;U8 2J±, * -y-7'6 2 lc*=f LTl'-;l'7 6 tl^Dfimc 
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[0 0 3 4] ^^gBKOM*r6]iE;^FS]f!l (El 5 (O^&fl!)) 

>;^T-A 9 1 (±, ■PHxtJmrffiT-A 7 5 tiwici'-;!' 
7 6±imW}'^m-0i>i>o i5fe^?a«#&>'X;U9 0«±, M 

[0 0 3 5] ^a. -^--vV^^l 8 a<^fl!lffitc(i, -^/jn 

^NW=^3s«®a^Mi 8rticieAffii--s^^*<7)fis^^p 1 

0 0**^^t'bi^, ioajSIP 1 0 0»i, ->-v;'^'l0 1 

10 0 3 61 ^kl^z, m±(DJ: 9 t^1fsS;?tvTV^2,?|ft«k 
g^Ml 8T*^m$iT--&aflK^«!!S:^fet-^»'^'C. 

[O 0 3 7]5fe-f. >^7i^^a^^i#7^cJ: ^C:^- 
C5?^l9a3$tt/c':7i^^W^±, 113 cO^aasePGStlSi- 
^mi 3 icioTT Kt-v 3 >^«3 1 l-iSM^tt 

ilJfeRir^i"**'^ tr-;i'7i>'-;i'#aB (us oris 

[0 0 3 81 •^(^f^'Ji^^Wli. 1 3 11 i o 

■Cyj^-^V^SS3 3, J:.ir7.7->'>B> • i^-') 

y ^'mm. 4 1 izm^m^ ? ? -^7 5 0 

$tt^„ ci(0*<OBB*ttcJ: i9Sptg6<^Vv^ hlK'f twit 
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[0 0 3 91 :z<Dmyt^m.<D^0rJLfz'';s.^^Vfii, •i'i 
>'^^S^I'*5 0 J; 15 J^^';^r >v 3 >^a4 2 IcJR^IS 

> r^g 4 4, - 'J V if mm. 4 3 -e^^co^sLa^^ife ^ 
fifz'ik. ^^mm&m.i sizmm^fi. m^^m^^ti 

[0 0 4 01 ^i^foMmm. 1 8 tcj3v^-rsft^sLao*?-7 
Lfc'^7i^^w^i, =Kx b^-^vi^^«4 6, i'-'Jv 
10 ^^^*3 OlcilI^>cm^$*T., #^Slci5V^-Cif5eO«!.a 

[0 0 4 11 ^iZ, ±5EL7t:R«fej8ia^S 1 8 -C^f totl 
^a^iaLaiiov^ri^L < aSi^-f-^o 119t±. i<?>a« 
$0.3(7) 7 n - - h S:^1"o 
[0 0 4 2l$fe-r, •i'^>'^W**±llS^^*l 3 Hi >}« 
1 0 Od^^-J^-vV^^l 8 artt-lfiA$tL, Xt'V 
6 0 Jiicil«»if (y!.-r .yrs 1 ) o 

20 X /nW**cR««^ ^ *t ^. i: , / X ;v 8 0 

^PS 0 36»f>^^S<O7 •y'^k*|g*«l^tm^^^, ■fi-'^W^ 

■/S2-CJi, US J: ^ l::-7 .yfbTKRfOK:**, l^v 

^, ■t^i*5*,^oam?S<7)«*&t-i ')^^^^St^'^c^^•ffi■t 
vi;y(v<om.ikmztfti>mmm^\^±-t^ojj:ii, s 

^SStc, S*i!ia^lw«SI*R<Oli}!IRlD*^TX 

;ttcD:is^ff LTV^^J^-^;!)**) tj, C: (7) "7 •;"fl;7K*<75« 
jp&icj: t)Steg7feS5<7)«a^R<^ii«S:rL'*)^T*:>n-i)o 
[0 0 4 31 ■^7i^NWi::7 y'fbTlc^'i^tt^^tLr:*^^^? 

40 |&yX;u7 0**, * •;'7'6 2<ortffl-e*o-C'> j^^-^WO 

izmm-r ho tfz, mtm<o^m ^zx*) r ^mm. 

50 ^ti. ■K8l«R«r*-r-2)CO-r-m^jS(wStt^rV»o C:oL 
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[0 0 4 4] wr^mm<r>m±mi^i)^^T-ri>t, mw^WL 
ys4) o ^^^w±(ommm^m^\f^9.Wi^it, 

? -J. iff lcKtt<^?B[*t:T- $,^7y -ft** 

ItTi^m^mi^ ^titztr^L >'^ W Sr L T p> mWi^ Sr 
[ 0 0 4 7 1 « X. Jf, H 1 0 tC^f J: ^ K 7 -fbTK*** 

x;v9 o*^■>i^^wt^'^l:>SB±:^^^•c^l!)L. m^stif^ 

S2' ) „ '?i/NWJit4*e7Klcei^$ft, -7 •;/'ft7K«ti 40 
10 0 4 8] Jlil±OSife<03^^-Cf±, '>x>'NWlC 
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10 0 4 91 St.»Ci3t, ?5fe^?e[«-«tif&L/caiCgl14TS 

-g-. Ktt«[«i^yX;w8 0*>t>iSett?SEfli:S-tti^Loo. 

i$fe^«tt#&yX;i'9 o*-f>?*^?e[*«*&trifc J: <, m 

[0 0 5 0] tfz, ^9M<r>WM\^^^'!i>mmk^^^ 
i><r>xi>ofzt*, m.^^mi^y^}^7 0tmm<om^i: 

5)i**SV»0-C. 4SikJc^rS7 •y'^^:;^(cS**^^-^r < . 7-;''fk 

[0 0 5 1] mii%m<r>^mx'\i, mmi^i^y 

J; ^ i;UTv^7^-7!i*, la 1 1 lc^L;t J: 9 i::, ■!7x/^W^I 
**LT, ®Stt<7)»^*tti^-r-£.mtt^^««&^XjW9 3 
S-ffifflLT<) iv^o 01 lOtaj-CJi, Bj?tt^'(*«it&>'X 
JV-g 3{±, fztL\fif7.yt'y^ti:if<Dm'&L%^m^^m9 
4trS^$^xTi3»5, ^tt^«:ttl&>'X;U9 3:*^t>'t'J:. 

/NwnwL-c®?i±o:^^^. fztx.\tmmit7.i^j^-rh 
[0 0 5 2] ^£ismtm.^WLW<r>^m, m^%W(o^m 

m^\t, *«-C^)-?>"i'■x>'^WOzaJS^. 7ti:x.lf4 0'C 
-2 0 or. »*L<1±, 4 or- 1 6 O'ClciT-JO?^ 

?£#«rtti^-r «*&-r'&aitt?e[^e^srigis, tz 
i:x.(f 2 5t:~ 1 0 or. »i L< ii4 or-s or* 

[0 0 5 3] ■> J^^^Wifef^^*«S•^)DlSli-'&^c^±, /ct 
x-ffiai UC^U;t J: ^ {C. e V'^^ 6 0 let- 
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10 0 5 41 HI 1 OfiJ-efi. Ktt^#tti^^X;i/9 3 
>6*, HI 2 tc^t^cJ: d I*, ^' >^ 9 7 

^ o 

tt-i>a?Ms:iE-t-j; 'om^mznLxyf^m'tt^fii'iiOX' 
[0 0 5 6] &.±<Dmm<oMmn, ^^^m^^y^^^yfo 

Mi^!)ikm.:)smzmmLtzi><ox$,-^tzii', *ll?«t±*3S 

^ o 

[116] 
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* [0 0 5 7] 

mi^mzH-r^mmmm^x^i,(r>x', mmu^ov 
'jyC ]^ii'mwizm^wnzmfx, mm^ouz^T. h^^^^- 

:^m^t^<omm^<oniimim±x^ i><r>x, HMLtz 

10 mM<r>^wtiimm 

[laii %%Wk<r>^m\zii-*'i,^^%mn^if%'^^^ 

[0 2] H 1 (oife*a«jas->;^T/»<oiEMlil-e*ao 

[US] H 1 c7)^*mft5!!!Sv;^-r-'*<0#ffill-C*ao 
[1114] a«iiQiS^«<^^BflP<^mWHt?*^o 
[115] ^«i!!!.S^«<O«»fffi<Oia?g0-C*4o 
[S6] m«t?fi[«i^->'X;KOs^m0-C-*'2'o 
[E!7l He <75a«ffitt*&yX;KOffi^»fMia-C*So 
20 [HIS] 7 •;''fb7K*4rSD£7tVv;^ h l^ov^-CO'Sa* 

[1119] aft5!!!SI<0-7a-ll-ei>io 

[mi 0] ffift«!!3S<^'f&<0^«r^-t-7n-gI-e*)*o 

[mil] ffeO||*fe<0J^^lc*-*^2.SI««!!i9^fi<0«»f 

[HI 2] ^tt^#:«if&^«<OWISr^i-Si?^lI-C*i„ 

[??-^<oii^l 

1 ^^a^^as V ;^ T- A 

1 8 ^1^«kSMfi 

30 7 0 a^^tti^yX;u 
8 0 

s ;^ ^' - h f5i« 

E oivma 

[^7] 
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